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15 May, 1944

THE DEPENDENCE OF BLAST CN AMBIENT
"PRESSURE AND TEMPERATURE

Abstract

The effect of external atmospheris conditions on the blast from
an explosive is considered. It is assumed that a change in these
extornal conditions leads only to a change of the scale of pressure,
distance, and time. It is further assumed that except for this change
of scale the total energy in the blast wave is independoent of the
oxternal conditionse The result of these considerations is a
generalized law of similitude, namely, the blast pressure measured
in units of the atmospheric pressure, P, is a function of

i!%?ﬁ‘R end ,iﬁﬁ .Jﬁf.t only, where W is the charge weight, T is
the absolute ambient temperature, R is the distance fram the explo=
sive, afid t is the time after detonation.

This result obtains only if éxternal conditions such =s the
hoight above tho ground, which acts as a roflscbing surfaco, are
scaled properlye If the blast effect of explosives detonated in the
neighborhocd of airplanes in flight is considered, the absence of
ground rcflection reduces the effective weight of the. explosive by a
factor of two. Thus it is found that, if the peak blast pressurc at
a given distance from the explosive is p at sea level, then the pres-~
surc at tho same distance from the explosive at an altitude such that
the atmospheric pressure has been reduced by a fastor T T~ 1) is
approximately p* ==Vd/? pe If tho absolutc temperature of the
atmosphere at this altitude is less by a factor © than the sea level
tcmperature, the ratio of tho impulse above sea level to that ob=
tained on the ground is

P 1"/5/ (3 T, Je).

A Turther rosult of theso considerations is that charges in
terveratw e may lead to a positive impulse under extreme wintor
conditions which is &% greater than thc positive impulss obtained
mder extremc summor conditions.
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1. Introduction

Intercst in the denendence of the blast from high explosives
on the atmosphoric pressure and remperaturc has recently been
stimulated by attacks with borbs on airplancs in flight. Ia
order to detcrmine the effectlvencss of the blast from these
borbs, it is necessary to know the peak pressure in ihe blast
an' thz imnulse, i.e,, the area ynder the pressure time curve.
Hovever, all measurements of those quantities have been carried
out on the ground where the ambient pressure and temperature
ar( considerably higher than those at high altitudes. It order
to infer information concerning the plast at high altitudes from
the information obtained on the ground, it 1s necessary to deter-
g%nettne effect of the change in nressure and temperature on the

ast.

2. The simiiarity transformation

A rigorous treatment of the effect of changes in atmospheric
conditions on the blast from an exnlosion would require a
de+ailed discussion of the mamner in which the detonation wave
in the exniosive interacts with the surrounding atmosphere to
form a blast wave. However, it scems reasonable to assume that
tne properties of the blast wave ‘at distances large’ comperad X0
the dimensions of the exnlosive do not derend on the détails of
this process, but that they devend orly cn the total energy
available to the blast and on the external conditions. Then
the simplest dependencc of the shock wavc on changes in the
atmosphcrice pressure and temperature and on the energy available
. is expressible in terms of a similarity transformation. That
ig, thé dcnmendence Of Dressure snd density of the air in the
piast on distance and time for one set of external conditions
may he obtained from thatl for different external conditions By
changzing the scale by which pressure, density, distance, and Tim
are measured. The magnitude of the change in scale is uniquely
determined by the change in external conditions, as will be
shown subsequently.

The pressure in the plast vave may be exnressed as a func-
tion p(R,t) of distance, R, from the explosive and time, t,
after Lhc exolosinn for given atrmosvheric pressure P and abso-
late temperature T. I the atrnsnheric pressure and temperature
are chansed to P o= wP and T' = eT, then, according to the law
of cimilitude, the new tlast nressyre 51 {R',1) at distance
R'= xRk and t' = ~t 1§ “iven by ?

p'(R',t') = mp(R,t)
where x and rare constants which determine the change in scale

oT digtance and time. Wien n(R,2Y 1o o solution of bhe eylls
tions of motion of the LIS Wave, gnen PI(R',t') is also a
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.must have thée dimensions of 418

ing time ¢!

(S}

solutlon* if the scaling constantis X, «, 2nd 8 satisfy the

relation
xfr=J8 . (1)

The new solution has the required oroperties that the blast
pressure at great distances from the exnlosive avpronch the
value p!' = =} and that the velocity of the shock wave at great
tglstances te egual to the velocity of sound in alr at temperature
01, Actually, the condition Zg. 11) follows from the latter
requirement aince the velocity of sound 1s proportional to the
square oot of the absolute temfarature ansi, in sadition, it

ance divided by the time,

lhe erergy that goes Into the blast wave will beg Yefined as
the tctnl ereFgy of the air behind vhe shoek fromt, less the
energy ol the game Volime of alr at atmosmheric eonditvions,
Tn§$+the energy; E{t), at any time t after the explosion may %e
written as - : o : an

B(t) = jlp+ 1/2 Fuz +F50 Cvdﬂdv o .

o T e ST
where P is_the:aﬁr}dEnsityb'u the veloéity of m§§5fméﬁion,f§nd
Cy the specific heat at constant wolume ner unit megs. The
velume integracion is t¢ be carried cut cver the volume, V,

- -behind.ihe-sNock front. -The ‘subserift g refers 1o strostheric
“~conditions, : TRV R S EREAE A

When the atrmesnheric conditions are changed the first term
in the energy is multiplied by wx5 since. it has the dimensions of
oressure times distance cubed., ‘From their dimensiong, it 1s
clear thet the cther terms must chenge in the same way*% so the
ENnfrEY, I, Wiier hne one set of conditions at time 7 1s related
to tﬁg energg,,E', under the other conditions at the correspond-

Y _

- EN(t1) = wxOR(t).

* See appendix.

*+ This csn be verified directly for the 1/2/>u2 term by means
of the formulae given in the anrendix. It 1s also immediately
clear for the snecific heat term if the sir may be treated as s
perfect gms.



§ ' ~ The sneaisl

! varied has been verifien experimen

It vill pe assuned that the ener dene ls only on the mass
regure of the exricsive and that t 1s indenendent of exter-
nai conditions. The -~ the mass of the explosive is increaseg
by & factor M, the ¢ _..n] EnRray is increased Dy the same
factor. Tt follows tnat axd = mor

Yt . . (2)

combining this resylt vith 2g.{1)
is found to bve = !

X
the change of time scele

Ta 3\,:/}-‘_(/7- l \iré_n

(3)
The results consaineg ip I3s.(2) 2nd (3) can ne expressed

in terms ¢? g generalized law of Similitude:” ir P and T are the
atmosnheric nressure shd (absolute) remperature and 1T W is the
welght of the explosive, the blast pressure measured in units of

. 3 - 3 >
P 1s 8 functien ot R/IR/i R ang \/PﬁIW/T tonly. ZExpressed
analytically, :

z . < o "

o2 = t(NRfi R, FFT T 1), (4)
i This result iz anvlicable oniy as,iong as other egtern&i condi-
j . tions such as.-the position of vae explosive relative to tre :
o ground are sealed properly. The effect of these factors will ve

consldered in section 3, . ,
o , case of the law of similituge for whi
‘atmosnheric oondic:

.“.Ch the -
LLONS are kemt congtgnt end only the-weight 1

nt is
ptally within rassonable limite

(less than 12%) in g rangd ¢t explosive welghts frem 1 to

20,000 1bs,

8. Influence of the ground surface on similitude

o1 Thcomparing the hlast frem eiDlosives of various sizes some
deviations from tha results of the foreggin§ section ney he -
exhected becauge o

¢f -the loss CI energy due friction between
~ the blast wave and the ground.

A . For hcreasing charge weights or
decreaginge atmosnheris ressures sngd LEMDErstires the absolute
distance from the €xplosive at wnien a given energg should be
observed increases. Therefors the distance -over which fric-
tional effects €3N ALt increases and the gvailahie energ, ~urre-
spondingly decreases. Thus the oressures may be eXpecteu to be
somewhat smaller then €Xpected fror similitude considerats v, -
under these circumstances,

RESTRTATED
ELSERTARAR .
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- s %7m72w’- We, - : (6) o
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4. Denendence on altitude of neak pressure and impulse at a
given distance.

A particular anrvlication of EZqs. (5) and (8) is to determine
the peak oressure and irpulse at & fixed distance, R, from a .
bomb detcnated above sea level when the values of these quanti-

- tles are inown at this distance from the same type of bomd &t

sea level, The relation between peax pressure and distsnce at
sea level is snnroximetely

et e W

p = k/R}

Where K is g constent and rn is s number between 1 and 2, The
corresoonding relaetion at such an alt{tude thet the pressure and
témperature are reduced by fsetors n and 6 resogctively is

p' = xmk/(RT)E

This for R = R, p' = xp, or maxing use of . (5) and setting

mElr e :
- - . ; ‘ T .
p' - .":L n/u/zn/3n. " o - (9)_ e
For peak nressures iesg than one atmosprere, n 1s'anprOXimétely

1.8 s0 | E '
ot =/r/% p. : - {8

Thus the blact pressure et an altitude of 25.000 feet, where the
atmosnheric pressure iz reduced by 3 factor 3, is gpproximately

1/v6 = 0,41 times the pressure measured at sea level at the saime
distance from the bomh,

The change in the positive immulse can be treated similarly,
Since the impllse hac the dimensions of vregsure multiplied vy
time, 1ts sgulivig factor is mr, fThe dependence of positive
impulse on distaice at ses level i3 anproximately

I=1I/R.
Thus at high altitudes the lupulse-distance relation 1is

I = prx IO/R'

e




s il o W,

~BallistiC'Researan'Laboratoru

RESTRICTRED

‘or B! = R this becores I' maxT ., makine use 7 1go
and (g),

= AT oI

’

For the example considered the previous paragraph, the T
erature is reduced by a fa: r of 0.81 (assuming g sen 1eva.
Beggerature Of 20°C) 8o the mpulse is reduced by a fastar nf

5. Effect of variations 2T :mperature on blast megg‘g_ ‘ﬂ\ ent:

L carrying out blast . ‘urenents on oombe thers are da -to
day variations in the atmos . ric pressyre and temoerature, A
corregponding charge in the sserved blast is to be exgectoc.
The differenie in the resull to be expected from one day i
Jrother are determined by B .(2) and (3) if = ig the rasiq of
the vreasures on the tum 4w  and 6 is the corresponding ratlio
of -absnlute 3em§eratures. - general the relatlve variation in
pressure is small-and it ma: 5 aseumed that Fel, TP oA

lven wsl nt‘are-ﬂonsiqgrad, FOTOWe v TdL 2) tllae asl.
ﬁ%ﬁb%apt_er_nand the temps “twe 0 “vagyasp 4%9C. and ~10°Q
between- simier and vinter du. i Leaus CBIVLAY i . %, .
! + Thls corresponds toa Cliside I
18,0 In the gbsolute temperatiire so that a temperature effact is
to he exmected.

inserting x=1 in Eq.(1), the relation
T = 1/1,’9-

is obtalned. Therefore, 1f the positive impulse time in summer
is t, the wositive impulse time in winter is t! =(1//8)t where ¢
is the ratio of winter to summer temperature, Ir -o case con-
sidared in the preceding parugrach, the extreme varistion of
positive imoulse time would ba 3%. 3ince the peak pressures are
unaffected by the temperaturs changa, = corresponding change in
gositive (or negative) vulse 1s to be expected. Thus the pos=-
tive imoulse oBcerved in winter may be s¢ much as 8% greater .
than that observed in summer for the same type of bomb,

This problem has been discussed with Drs. H. Lewy, J. &

-l d

Mayer snd 3. Chandrasekhar, and many of their suggestions have
been incorporated in its treatment

Y o4
g{b, AN ts

R. &. Sachs
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APPENDIX

The differential equations’ deterii ﬂn P v pressure g

density s and the gas veloecity U of the . a.r@ the con’ T
equation:

t D

div el + gp/fot = ' 0, B (&)
and the rorce equation |

p A/t egraapmo. iV
The function u(.R,t»). becomes.

et = 2R,y

: under the new conditions sirce y m;r« e Yimeusions of Lok ..

dividea by time, pis nromru.‘ ﬂal 10 /I so it benomes |
e:(gi £y .5 P(Rt ) )

Substi uticn 0f thesd relations and thy ¢ wr l!pmding
for p'(R',t') in s, (&), »d (B luda t¢ the equations

il -}t‘ -
"2, R
i

o *—rg
w‘ffﬁ&

-~
gl

§.ravp Wt #rgg--’o;
and
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wnm vi and F\d 1y aifferentis\ion with respect :
les R m‘f?n t! wng, 't'm: irst of tngse e;

m form as By, (a) u d the seeond rq
te nz. (% virtus 6f the oond m m Therefs
g' Ul are golutions of the umm. ua.tions. wnet
lgg are the Gorrens polutions can on.w e derern nec by
R ot e ln be wes v
or ] (+.0] 'l t Aa} 5 ':’

; R but nothing ow: be said about the :onditiong at Bx0 -\;w

tf\ﬁrthgr melodn ot the interaction of the detonation WOy
8 air.
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